A high diet quality index based on Swedish nutrition recommendations has previously been associated with reduced risk of cardiovascular disease and mortality in the Malmö Diet and Cancer (MDC) cohort. The aim of the present study was to investigate whether this diet quality index was associated with the risk for type 2 diabetes. Of 26,868 participants (44-74 years) in the MDC cohort study, 3838 type 2 diabetes cases were identified from registers during 17 years of follow-up. A diet quality index (from a modified diet history method) was constructed based on adherence to the recommended intakes of saturated fat, polyunsaturated fat, fish, fiber, fruit and vegetables, and sucrose. After adjusting for potential confounders, we observed no significant association between the diet quality index and type 2 diabetes risk. The HR for the highest vs. lowest index category was 1.06 (95% CI: 0.94, 1.20; p-trend = 0.56). Because of the protective associations shown for cardiovascular disease and mortality, the specific dietary components that were chosen to represent adherence to the recommendations may be less applicable to type 2 diabetes risk.
Introduction
Type 2 diabetes prevalence is increasing worldwide [1] . Different approaches have been used to counter type 2 diabetes and have focused on lifestyles changes, including physical activity, moderate alcohol consumption, and zero tobacco usage [2] . Food habits have been shown to be related to the development and management of type 2 diabetes, for example by influencing glycemic control and insulin resistance [2] [3] [4] [5] [6] [7] . Dietary patterns, rather than individual nutrients, such as prudent/healthy diets, the Mediterranean diet, Western diets, and traditional diets, have recently received a great deal of attention in assessing the association between diet and health. Because foods are consumed in combination and nutrients metabolized jointly, it might be more difficult to estimate the associations between individual foods or nutrients and disease incidence compared with the collective approach [6, 8, 9] .
Against this background, a diet quality index based on Swedish nutrition recommendations and dietary guidelines was developed in the Malmö Diet and Cancer (MDC) study, which is a prospective population-based cohort in the south of Sweden [10] . A high diet quality index was found to be associated with a reduced risk of total mortality and cardiovascular disease (CVD) morbidity and mortality [8, 11] . Although a healthy dietary pattern has been associated with reduced risk of type 2 diabetes elsewhere [3, 5, 7, [12] [13] [14] , the association between adherence to nutrition recommendations and type 2 diabetes risk has not been studied in the MDC cohort. We therefore aimed to investigate the association between diet quality, using the index and the risk of type 2 diabetes. Table 1 summarizes the distribution of demographic, anthropometric and lifestyle baseline characteristics across the three categories of the diet quality index. A high diet quality index score was significantly associated with higher weight and BMI, being a non-smoker, having a high school or university education, having higher leisure-time physical activity, and being consumers of zero alcohol (both men and women). In addition, the diet quality index was inversely associated with fasting insulin in men. The diet quality index was significantly associated with all six included dietary components; a high diet quality was associated with higher intakes of dietary fiber, fruits and vegetables, fish and shellfish, and PUFAs and lower intakes of SFAs and sucrose (Table 1) .
Results and Discussion

Description of Study Population
Diet Quality and Risk of Type 2 Diabetes
Across an average of 17 years (range: 0 to 24 years) of follow-up, 3838 individuals (1859 men and 1979 women) developed type 2 diabetes. We found no significant association between the diet quality index and the incidence of type 2 diabetes in the basic or multivariable model (Table 2) . However, a positive association between the diet quality index and incidence of type 2 diabetes were observed in the multivariable model when not including BMI as a covariate (p-trend = 0.02). This association was stronger in women then in men; however, the interaction by sex was not statistically significant (p = 0.50). On the other hand, we observed an inverse association in the basic model after exclusion of those with potential unreliable dietary reports, i.e., those reporting a substantial diet change in the past and energy misreporters (in total 36% of the study sample; p-trend = 0.18). However, this association was clearly attenuated after adjusting for potential confounders, including BMI (p-trend = 0.34). Only including diabetes cases identified in two or more registers did not have a major impact on the results. We also examined the relation with type 2 diabetes risk for the six individual dietary components separately. Those that adhered to the fiber recommendation had a lower risk of developing type 2 diabetes after adjusting for potential confounders and the other dietary components (Table 3) . A low intake of SFAs (i.e., <14 E%) was significantly associated with an increased risk of type 2 diabetes, but this association was clearly attenuated after exclusion of those reporting substantial diet changes and energy misreporters. Table 1 . Baseline characteristics of men (n = 10,413) and women (n = 16,455) in the Malmö Diet and Cancer cohort (1991) (1992) (1993) (1994) (1995) (1996) by categories of diet quality index score. Data are presented as mean (SD) or n (%). Glucose concentrations were available for 2060 males and 3027 females; insulin concentrations were available for 1988 males and 2923 females. p-Value was for ln-transformed plasma insulin concentrations. a Adjustments for age (stratified), sex, total energy intake, diet assessment method, and season when interviews were conducted; b Adjustments for age (stratified), sex, total energy intake, diet assessment method version, season when interviews were conducted, educational level, leisure-time physical activity, smoking status, and alcohol consumption; c Adjustments for age (stratified), sex, total energy intake, diet assessment method version, season when interviews were conducted, educational level, leisure-time physical activity, smoking status, alcohol consumption, and BMI (stratified); d Adjustments as in basic model and excluding both diet changers and energy misreporters (n = 9637) from the analyses; e Adjustments as in multivariable model excl. BMI and excluding both diet changers and energy misreporters (n = 9637) from the analyses; f Adjustments as in multivariable model and excluding both diet changers and energy misreporters (n = 9637) from the analyses. a Adjusted for age (stratified), sex, total energy intake, diet assessment method version, season when interviews were conducted, educational level, leisure-time physical activity, smoking status, alcohol consumption and mutual adjustment for the other diet quality index components; b Adjusted for age (stratified), sex, total energy intake, diet assessment method version, season when interviews were conducted, educational level, leisure-time physical activity, smoking status, alcohol consumption, and BMI (stratified) and mutual adjustment for the other diet quality index components; c Adjusted for the same variables as in the mutually adjusted multivariable model but excluding both diet changers and energy misreporters (n = 9637) from the analyses.
Variables
Discussion
The present study found no relationship between a diet quality index developed based on current nutrition recommendations and dietary guidelines in Sweden and the incidence of type 2 diabetes among non-diabetic participants of the MDC cohort across 17 years of follow-up. Because a high diet quality has previously been associated with decreased risk of CVD and mortality in the same cohort, the specific dietary components chosen to represent adherence to the recommendations may be better suited to predict CVD risk than type 2 diabetes risk. It might also be that recommendations overall rely more heavily on the association between diet and CVD than on the association between diet and type 2 diabetes.
Our study is the first to investigate adherence to Swedish nutrition recommendations and risk of type 2 diabetes. However, several previous cohort studies have investigated the role of overall diet quality in the risk of developing type 2 diabetes. A protective association between a "healthy" dietary patterns and type 2 diabetes has been reported in similar European cohorts [3, 6, 13, 15] . Similar results have also been reported on diet quality scores among American men in which high scores were associated with a lower risk of type 2 diabetes [5] . The U.S.-based Nurses' Health Study showed different results in reducing chronic disease risk depending on which score was used. For instance, adherence to the Healthy Eating Index (HEI-2005) was associated with a lower risk of type 2 diabetes, whereas the Alternative Healthy Eating Index (aHEI-2010) was found to be more strongly associated with both coronary heart disease and type 2 diabetes [16] . The protective effect was largely associated with dietary patterns that were characterized by high intakes of plant-based foods such as whole grains, moderate alcohol intake, and low intakes of red and processed meat, sodium, sugar-sweetened beverages, and trans fats.
We have previously seen that the recommended intakes of dietary fiber, fruit and vegetables, fish and shellfish, and sucrose were associated with a decreased risk of CVD [8] . The lack of association between adherence to the recommended intake of individual components of the diet quality index and incidence of type 2 diabetes was, however, not unexpected. A systematic review and a meta-analysis of five cohort studies did not find a significant protective association between fruit and vegetable intake and type 2 diabetes [17] . The tendency for increased risk among those who adhere to recommendations for SFA intake was not unexpected because a high intake of dairy products, one of the main source of SFAs in the MDC population, has been shown to reduce type 2 diabetes incidence [18, 19] . In the MDC study, the high consumption of high-fat dairy products was shown to protect against type 2 diabetes [20] . In addition, recent evidence has shown that SFAs have a two-way effect on reducing and increasing the risk of type 2 diabetes because individual plasma phospholipid SFAs are heterogeneous; thus, it is imperative to understand their dietary intake sources and metabolic processes [21] . No association between fish and shellfish intake and the reduced risk of type 2 diabetes was found in a systematic review of 18 prospective cohorts [22] . However, other studies have reported a protective association between fish and shellfish intake and type 2 diabetes [23, 24] . The long-chain omega-3 (n-3) fatty acids that are found in appreciable amounts in fish have been linked to potential protective effects against CVD and type 2 diabetes because they tend to counteract insulin resistance [24] .
Our diet quality index may lack important dietary components associated with type 2 diabetes (e.g., protein, meat (especially processed meats), and sugar-sweetened beverages) and may, therefore, not fully account for the different food sources of fat, carbohydrates, and protein. For instance, we previously reported that high protein intake and different protein sources such as eggs, processed meat, and poultry increase the risk of type 2 diabetes in the MDC cohort [25] . We have also found an association between high intake of fiber, fiber-rich breads, and cereals and a decreased risk of type 2 diabetes. In addition, a high intake of sugar-sweetened beverages has consistently been associated with increased type 2 diabetes risk [26] .
The present study has several notable strengths. The large sample size assured sufficient statistical power to study associations between dietary intake and the incidence of type 2 diabetes. The prospective nature, coupled with a dietary assessment method of high relative validity, was an important asset in minimizing bias. The MDC has unique dietary information; we combined a diet questionnaire with a seven-day food record and looked not only at the type of food being reported but also its preparation and cooking methods. The study was also able to control for many potential confounders. Furthermore, loss to follow-up in the MDC was very low, with a 99.3% follow-up rate. Our study also had limitations that need to be recognized. The one-time assessment of dietary intake and confounding factors at baseline are limitations because changes that occur during the follow-up period cannot be controlled. Although dietary intakes were collected carefully, measurement errors always occur that could have resulted in undetected associations [27] . In particular, dietary measurement errors are likely to lead to non-differential misclassification that may attenuate associations. This could be exacerbated by the under-or over-reporting of energy intake, though the total energy intake was considered in the analyses. Further, the possibility of excluding those who reported substantial dietary changes or were potential energy misreporters enabled us to examine the robustness of the data and the potential bias in estimates due to unstable food habits or misreporting errors. This was especially important because a high diet quality was associated with higher BMI as well as past food habit change. The potential bias was further illustrated by the significant positive association between the diet quality index and type 2 diabetes risk in the model not adjusting for BMI.
The study sample generally comprised older Swedish men and women, which could make it difficult to generalize the current findings to other age groups and other settings. Furthermore, very few participants adhered to the recommended levels of all six components [8, 10] . The definition of high diet quality as adherence to five to six components is thus not fully reflective of adherence to the nutrition recommendations. In addition, dividing the individual components into adherence/non-adherence is crude and may affect the associations because the true variability of individual intakes may be hidden within the scores. Because the reported dietary intake was not likely to fully reflect the true intake, using specific cutoffs may result in a misclassification of individuals who are close to the cutoff limits [28] . Because each component of the diet quality index contributed an unweighted one point to the total score, it may be difficult to determine the resultant effect of each single component on health outcomes (i.e., chronic diseases and mortality). Researchers have noted that although most diet quality indices are useful in evaluating diet quality, the ability to predict the risk of chronic disease may be moderate in some subjects because of an inappropriate selection of the components, selecting a small number of cutoff points for each component, or an equal contribution of all index items to the calculation of the total score [28, 29] . Thus, the construction of the indices should include specific health or disease outcomes in relation to the dietary components. However, the diet quality index in the present study was developed to measure adherence to dietary recommendations [10] . Finally, residual confounding, which is a common problem in most observational studies, cannot be ruled out, despite controlling for potential confounders in this study.
This study found no association between a high-quality diet, as defined by a six-item diet quality index based on Swedish nutrition recommendations, and the risk of type 2 diabetes in the MDC cohort. Neither the overall diet quality index score nor its dietary components (except fiber) were significantly related to the risk of type 2 diabetes. Further studies need to examine the role of various individual dietary components (especially those that are not included in the index score) in the development of type 2 diabetes as well as overall dietary patterns that may help reduce the risk of this disease. In addition, because type 2 diabetes is to a high degree genetically determined, future studies should take genetic factors into account and examine the interactions between dietary habits and genetic susceptibility [30] .
Materials and Methods
Study Population
The MDC study is a population-based prospective cohort of women born between 1923 and 1950 and men born between 1923 and 1945 who lived in Malmö and are proficient in the Swedish language. Baseline examinations were performed between 1991 and 1996 [31] . The identification of potential study participants for the MDC cohort was done through the Swedish national population registries. Out of 74,138 men and women eligible for the study, 28,098 individuals completed the baseline examinations including dietary collection. Further details on the recruitment process are presented elsewhere [31, 32] . A random sample of those participating between October 1991 and February 1994 were invited to provide fasting blood samples for additional measurements including blood glucose and plasma insulin [33] . For the present study, we excluded all subjects with diabetes at baseline (identified from registers (see below) or self-reported diabetes diagnosis or medication), resulting in a total study population of 26,868 individuals (62% females). The Ethical Committee at Lund University approved the study (Lund University 51-90, Lund, Sweden), and informed written consent was obtained from each participant during recruitment.
Type 2 Diabetes Case Ascertainment
Type 2 diabetes cases were identified from seven registers as well as information from MDC (baseline and rescreening) and the Malmö Preventive Project [34] until the end of the follow-up period (31 December 2014). The National Diabetes Register [35] and the regional Diabetes 2000 Register [36] required a proven diagnosis by a physician at the hospital based on international diagnosis standards (fasting plasma glucose concentration ě7.0 mmol/L, measured twice) [37] . For cases that were not diagnosed at a hospital, the local HbA1c register from the Department of Clinical Chemistry, Skåne University Hospital, Malmö, Sweden, was used, which has analyzed all HbA1c samples obtained from institutional and non-institutional care in Malmö since 1988. Individuals with at least two HbA1c values greater than 6.0% based on the Swedish Mono-S standardization system (corresponding to 6.9% with the U.S. National Glycohemoglobin Standardization Program and 52 mmol/mol with the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) units) [38, 39] were categorized as diabetes cases. We also used other sources to identify diabetes cases. In the National Patient Register and the Swedish Cause of Death Register, the International Classification of Diseases (ICD) 10 codes E10-E14 and O244-O249 were used to identify diabetes patients. In the Prescribed Drug Register, the Anatomic Therapeutic Chemical classification (ATC) code A10 was used to identify diabetes patients. Information from the Malmö Preventive Project cohort (baseline screening 1997-1992, six-year rescreening 1981-1989, and rescreening 2002-2006) [34] and the MDC cohort (baseline screening 1991-1996, baseline screening cardiovascular cohort 1992-1994, five-year rescreening 1997-2001, and cardiovascular rescreening 2007-2012) [40] were also used to identify diabetes cases. Individuals with fasting blood glucose ě6.5 mmol/L or fasting plasma glucose ě7.0 mmol/L (verified with plasma glucose or oral glucose tolerance test (OGTT) in subsequent examination), ě11 mmol/L 2-h after OGTT, intake of diabetes medication (A10 drugs), or who have reported having diabetes in a questionnaire were identified as incident diabetes cases. We excluded cases with incident type 1 diabetes (n = 144), Latent Autoimmune Diabetes in Adults (LADA) (n = 10), secondary diabetes (n = 1), and other diabetes conditions (n = 9).
Dietary Assessment
Dietary information was collected at baseline using a modified diet history methodology that included a combination of (a) a seven-day diary for lunch and dinner meals and cold beverages; (b) a 168-food item questionnaire with frequency and portion sizes of other foods during the previous year; and (c) a 1-h interview on portion sizes, cooking practices, and recipes for foods recorded in the seven-day diary [41] . The food intake (g/day) was calculated based on frequency and portion size estimates from the questionnaire and food diary (and interview). Energy and nutrient intakes were computed based on the PC Kost2-93 of the National Food Administration in Uppsala, Sweden. The validity and reproducibility of the data have been published and showed the relatively high validity of the MDC method compared with other dietary assessment methods used in similar populations [42] [43] [44] .
A diet quality index based on the 2005 Swedish Nutrition Recommendations and the Swedish Dietary Guidelines was developed and has been tested within the MDC cohort [10] . The index consists of six components: energy percentage (E%) from saturated fat (SFA), E% from polyunsaturated fat (PUFA), intake of fish and shellfish (g/week), intake of dietary fiber (g/MJ), intake of fruit and vegetables (g/day), and E% from sucrose. The E% calculations were based on the non-alcohol energy intake because alcohol could change the diet and influence the health outcomes. The recommended intake levels were set at specific cutoff points for each of the diet quality index components as follows: SFA ď 14 E%, PUFA 5-10 E%, fish and shellfish ě300 g/week, dietary fiber 2.4-3.6 g/MJ, fruit and vegetables ě400/day, and sucrose ď10 E%. Because only 2% of the cohort had an intake below the recommended intake for SFA (10 E%), the cutoff was adjusted to 1 standard deviation (SD) above the mean intake (14 E%). The recommended intake for dietary fiber is 25-35 g/day (approximately 3 g/MJ), and using a similar approach resulted in a range of dietary fiber (˘1 SD of the population mean) from 2.4 to 3.6 g/MJ. There was no change in recommendations for the included components in the updated 2012 Nordic Nutrition Recommendations [9] . One point was assigned for individuals who reached the predefined cutoff limit for each component and zero points for those that had intake outside the recommended cutoff value. This led to the construction of a total diet quality index score that ranged from 0 to 6, which was categorized into three groups: low (0-1 points), medium (2-4 points) and high (5-6 points) [10, 11] .
Assessment of Other Covariates
Gender and age data were obtained from the Swedish national tax and civil registration system. A self-administered questionnaire was used to compile lifestyle and socioeconomic information for all study participants at baseline [45] . Smoking status was recorded as never, former, or current smokers (including irregular smokers). Leisure-time physical activity was determined using a questionnaire adapted from the Minnesota Leisure-Time Physical Activity Questionnaire [46] . Subjects were asked to report the average number of minutes per week spent on each activity during each of the four seasons.
A final physical activity score was obtained by multiplying the number of minutes for each activity with an activity-specific factor, and divided into quartiles. Educational level was defined by the duration of completed education attained, i.e., elementary, primary and secondary, upper secondary, further education without a degree, and university degree. Alcohol consumption was recorded into six categories. Participants who did not report any alcohol intake in the seven-day food diary and who indicated no alcohol intake over the previous year in the questionnaire were classified as zero-consumers. Otherwise, gender-specific quintiles were constructed based on the alcohol intake reported in the seven-day diary, with cutoff levels of 3.3, 9.1, 15.7, and 25.7 g/day for men and 0.9, 4.3, 8.1, and 14.0 g/day for women. Weight (kg), height (cm), and waist measurements (cm) were taken and body fat percentage was measured using bioelectric impedance method (single-frequency analyzer, bioelectric impedance analysis (BIA) 103; JRL Systems, Detroit, MI, USA). BMI was computed as weight (kg) divided by height squared (m 2 ).
Energy misreporting among study participants was defined as those individuals with a ratio of reported energy intake to estimated basal metabolic rate outside the 95% confidence interval (CI) of the calculated physical activity level (total energy expenditure estimated from information on physical activity at work, during leisure time, household work, estimated sleeping hours, self-care, and passive time divided by basal metabolic rate) [47] . Participants reporting a substantial change in their eating habits in the past due to illness or other reasons were identified from the questionnaire [48] . The season of baseline data collection (January-March, April-June, July-September, October-December) was also created as a categorical variable. The dietary variables were also adjusted for a variable called 'method version' to account for a new coding system of dietary data introduced in September 1994 that helped reduce the interview time (from 60 to 45 min) [44] . This resulted in two slightly different method versions (before or after September 1994), but the ranking of individuals was not affected by this change.
Statistical Analysis
The SPSS statistical software packages (version 22; IBM Corporation, Armonk, NY, USA) and Stata/SE (version 12.2, StatCorp LP, College Station, TX, USA) were used for all of the analyses. All tests were two-sided, and p-values <0.05 were considered statistically significant. The χ-square tests (for categorical variables) and ANOVA (for continuous variables) were used to assess differences in baseline characteristics by diet quality index. Cox proportional hazards regression analysis was used to estimate hazard ratios (HR) and 95% CI for type 2 diabetes incidence by total diet quality scores and by adherence versus non-adherence to the individual diet quality index components. The proportional hazards assumption was assessed using Schoenfeld test. To fulfill the proportional hazards assumption, the model was stratified for age and BMI quartiles. Person time was calculated from baseline up to diagnosis of type 2 diabetes, emigration, loss to follow-up, or end of follow-up on 31 December 2014. The multivariable adjusted models included the following potential confounders: age (stratified by quartiles), sex, total energy intake, diet assessment method version, season when interviews were conducted, educational level, leisure-time physical activity, smoking status, alcohol consumption, and BMI (stratified by quartiles). The potential confounders were identified based on a literature search [6, 26, 49] . We also ran the analyses without BMI in the model. In sensitivity analyses we excluded those who were classified as energy misreporters and those who reported substantial change in food habits in the past (n = 9637) [47, 48] . Trends across diet index categories were tested with diet quality index as continuous variable (0 to 6). We also ran the analyses including only type 2 diabetes cases identified from more than one source (n = 3015 cases).
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